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核细胞趋化因子（MCP-1）和对 AGE-RAGE-ROS-NF-κB 信号通路的影响。 
研究方法：通过体外制备 AGE-HSA 和培养人肾脏系膜细胞，在明确
AGE-HSA 时间依赖和浓度依赖下引起肾脏系膜细胞炎症反应后，使用或不使用
骨化三醇进行干预，使用 ELISA 检测 IL-6 和 MCP-1 细胞上清中蛋白的表达，免




（1）AGE-HSA 以剂量和时间依赖的方式上调 IL-6 和 MCP-1 表达（与对照
组相比，P<0.05），而骨化三醇则以剂量依赖的方式抑制 AGE-HSA 诱导 IL-6 和
MCP-1 表达（与剂量 0 组比，P<0.05）； 




P<0.05），骨化三醇通过剂量依赖的方式抑制 RAGE 的表达（P<0.05）； 
（4）单独使用 AGE-HSA 处理细胞时，ROS 表达显著增加，而在加入骨化
三醇后，随骨化三醇浓度的增加，ROS 的生成显著下降（P<0.05）。 














加，而这种磷酸化表达将在 AGE-HSA 刺激后 30 分钟达到最大值（与对照组相
比，P<0.05）；在加入骨化三醇后，磷酸化 NF-κB 亚基 p65 的活化被以剂量依赖
的方式逐渐降低（与 AGE-HSA 组相比，P<0.05）。 
实验结论：在人肾小球系膜细胞中，骨化三醇可以通过结合并活化维生素 D
受体，减缓 AGE-HSA 引起 RAGE 表达和 ROS 的产生、抑制 NF-κB 的活化，进


























Vitamin D has been prescribed as a drug for the treatment of diabetic kidney disease 
(DKD) to regulating calcium homeostasis by interacting with bone, parathyroid 
glands, kidney, and gastrointestinal tract.  The several clinical trails suggest a potential 
anti- inflammatory role for vitamin D in diabetic kidney disease, which reducing 
albuminuria and slowing renal loss, but the underlying mechanism remains unknown. 
The accumulation of advanced glycation end products (AGEs) in plasma and renal, 
well-recognized pro- inflammatory molecules, is prevalent in DKD. In order to 
explore the anti- inflammatory effects of these, we designed this experiment.  
 
Objective: To explore the mechanism of calcitriol reduce human renal mesangial 
cells caused by inflammation of AGEs, specifically to explore the human renal 
mesangial cells induced by AGEs calcitriol on expression of IL-6 and MCP-1 and the 
impact on the AGE-RAGE-ROS-NF-κB signaling pathway.  
 
Methods: After preparation of AGE-HSA and cultured human mesangial cells in vitro, 
and then pretreatment or not with calcitriol, the human mesangial cell was treatment 
with various concentrations and time period of AGEs. IL-6 and MCP-1 were 
measured by real-time PCR and ELISA. The expression of vitamin D receptor (VDR), 
receptor of advanced glycation end products (RAGE), NF-κB p65 and phosphorylated 
p65 was measured by Western-blot. NF-κB p65 translation was determined by 
immunofluorescence. Cellular oxidative stress was measured by reactive oxygen 
species (ROS) production. AGEs induces IL-6 and MCP-1 expression in cultured 
mesangial cells, implicating the RAGE, the ROS and NF-κB cascade. 
 
Results: Cultured human mesangial cells in vitro,  














control group in a time- and dose-dependent manner (P<0.05); While, calcitriol 
significantly decreased IL-6 and MCP-1 production in a dose-dependent manner ( P 
<0.05) ; 
   (2) There was no significantly different in the expressions of vitamin D receptor 
between the cells treated with AGE-HSA alone and the control group (P> 0.05); 
Compared with the control group, the vitamin D receptor expression increased along 
with increasing concentration of calcitriol in the cells treated with calcitriol.( P <0.05); 
(3) AGE-HSA upregulated the expressions of IL-6 and MCP-1compared with the 
control group in a time-dependent manner (P<0.05); while treated with calcitriol 
inhibited the expression of RAGE（P<0.05）; 
(4) When the cells were treated AGE-HSA alone, ROS expression was 
significantly increased, and after the addition of calcitriol, with increasing 
concentrations of calcitriol, ROS generation was significantly decreased（P<0.05）; 
(5) The expression of phosphorylation of NF-κB p65 subunit was increased after 5 
mins since stimulated by AGE-HSA, and then reached the maximal level after 30 
mins（P<0.05）; meanwhile, the phosphorylation of NF-κB p65 subunit decreased in a 
dose-dependent manner after treated with calcitriol. ( P <0.05). 
 
Conclusions: In human renal mesangial cells, calcitriol could attenuate the 
AGE-induced up-regulation of IL-6 and MCP-1 though VDR by suppressing RAGE 
expression and subsequent ROS generation and reducing NF-κ B activation. 
 














第一章  前 言 ··················································································· 1 
1.1 糖尿病肾病（DIABETIC NEPHROPATHY）······································ 1 
1.2 糖尿病肾病的发病机制（PATHOGENESIS OF DIABETIC NEPHROPATHY）···· 1 
1.3 糖尿病肾病与晚期糖基化终末产物的关系（RELATIONSHIP BETWEEN 
DIABETIC NEPHROPATHY AND ADVANCED GLYCATION END PRODUCTS）··········· 1 
1.3.1 晚期糖基化终末产物（Avanced glycation end products，AGEs） ····· 2 
1.3.2 糖尿病中 AGE 的作用（Role of AGEs in Diabetic Nephropathy） ····· 2 
1.4 晚期糖基化终末产物受体（ADVANCED GLYCATION END PRODUCT RECEPTOR 
RAGE） ·············································································· 4 
1.5 晚期糖基化终末产物受体与氧化应激在糖尿病肾病中的作用（ROLE OF 
RAGE AND OXIDATIVE STRESS IN DIABETIC NEPHROPATHY） ···················· 4 
1.6 活性维生素 D（ACTIVE VITAMIN D） ········································· 6 
1.7 研究设计（EXPERIMENTAL DES IGN） ·········································· 7 
第二章  材料与设备 ·········································································· 8 
2.1 细胞系 ············································································ 8 
2.2 工具酶和抗体 ···································································· 8 
2.3 细胞培养试剂 ···································································· 8 
2.4 主要化学试剂和耗材 ···························································· 9 
2.5 主要仪器········································································10 
第三章  实验方法·············································································11 
3.1 晚期糖基化人血清白蛋白（AGE-HSA）的制备 ···························· 11 
3.2 细胞培养与处理································································12 
3.2.1 细胞培养··················································· 12 
3.2.2 实验分组··················································· 13 














3.4 实时定量 PCR（QUANTITATIVE REAL-TIME PCR） ························15 
3.4.1 引物设计··················································· 15 
3.4.2 人肾小球系膜细胞细胞总 RNA 的提取 ························· 15 
3.4.3 RNA 的浓度和纯度的测定 ···································· 16 
3.4.4 RNA 的反转录 ·············································· 16 
3.4.5 Real-Time PCR ·············································· 18 
3.5 蛋白质印迹法（WESTERN-BLOT）············································19 
3.5.1 蛋白提取：················································· 19 
3.5.2 BCA 法测定蛋白浓度： ······································ 20 
3.5.3 SDS-PAGE 电泳 ············································· 21 
3.5.4 转膜······················································· 21 
3.5.5 封闭与杂交················································· 22 
3.5.6 发光鉴定··················································· 22 
3.6 免疫荧光染色（IMMUNOFLUORESCENT STAINING）·························22 
3.7 流式细胞技术检测 ROS（MEASUREMENT OF INTRACELLULAR ROS）····23 
3.8 统计分析········································································24 
第四章  实验结果············································································ 25 
4.1 IL-6 和 MCP-1 的表达 ·························································25 
4.2 骨化三醇诱导人肾脏系膜细胞表达 VDR ····································26 
4.3 晚期糖基化终末产物受体（RAGE）的表达 ································27 
4.4 人肾小球系膜细胞 ROS 的表达···············································29 
4.5 人肾小球系膜细胞 NF-ΚB 的活化检测 ·······································30 
第五章  讨 论 ················································································· 32 
第六章  结 论 ················································································· 34 
参考文献··························································································· 35 















Table of contents 
Chapter 1 Introduction ····································································· 1 
1.1 Diabetic nephropathy·························································1 
1.2 Pathogenesis of diabetic nephropathy ·······································1 
1.3 Relationship between diabetic nephropathy and advanced glycation end 
products················································································1 
1.3. 1.Aanced glycation end products，AGEs························2 
1.3. 2.Role of AGEs in Diabetic Nephropathy ························2 
1.4 Advanced glycation end product receptor, RAGE··························4 
1.5 Role of RAGE and oxidative stress in diabetic nephropathy··············4 
1.6 Active vitamin D ······························································6 
1.7 Experimental design ··························································7 
Chapter 2 Materials and equipment ················································· 8 
2.1 Cells ············································································8 
2.2 Tools enzymes and antibodies ················································8 
2.3 Cell culture reagents ··························································8 
2.4 The main chemical reagents and consumables ·····························9 
2.5 The main equipment ························································ 10 
Chapter 3 Experimental methods ····················································11 
3.1 AGE-HSA reparation ······················································· 11 
3.2 Cell culture and treatment ·················································· 12 
3.2.1 Cell culture ··············································12 
3.2.2 Grouping ················································13 
3.3 ELISA ········································································ 14 
3.4 Quantitative Real-Time PCR ··············································· 15 














3.4.2 Total RNA extraction ······································15 
3.4.3 Determination of RNA concentration and purity·················16 
3.4.4 RNA reverse transcription ··································16 
3.4.5 Real-Time PCR···········································18 
3.5 Western-blot································································· 19 
3.5.1 Protein extraction·········································19 
3.5.2 BCA determinate protein content ·····························20 
3.5.3 SDS-PAGE electrophoresis ·································21 
3.5.4 Transmembrane ··········································21 
3.5.5 Antigen-antibody reaction ··································22 
3.5.6 ECL color development ····································22 
3.6 Immunofluorescent staining ················································ 22 
3.7 Measurement of intracellular ROS ········································ 23 
3.8 Statistical analysis ··························································· 24 
Chapter 4 Results ············································································ 25 
4.1 Expression of IL-6 and MCP-1  ··········································· 25 
4.2 Expression of VDR·························································· 26 
4.3 Epression of GAGE ························································· 27 
4.4 Expression of ROS ·························································· 29 
4.5 Detection of cell activation of NF-κB  ······································ 30 
Chapter 5 Discussion ······································································· 32 
Chapter 6 Conclusion ······································································ 34 
References ······················································································· 35 














第一章  前 言 
1 
第一章  前 言 
1.1 糖尿病肾病（Diabetic nephropathy） 
糖尿病肾病是终末期肾脏疾病在世界上最常见的原因，根据世界卫生组织，
到 2030 年，糖尿病患者人数将上升到 3.7 亿[1]。另据报道，约有 25-40％的 1 型
或 2 型糖尿病患者的糖尿病将在 20-25 年发展成糖尿病肾病[2]。大量的临床试验















1.3 糖尿病肾病与晚期糖基化终末产物的关系（Relationship between 














Calcitriol 通过 VDR 抑制晚期糖基化蛋白产物诱导的人肾系膜细胞的炎症反应和 RAGE-ROS-NF-κB 信号通
路的活化 
2 
1.3.1 晚期糖基化终末产物（Avanced glycation end products，AGEs） 
晚期糖基化终末产物主要是由蛋白质氨基序列非酶糖基化和氧化反应生成
的[6]。在机体内，还原性单糖可以与细胞内非酶蛋白的氨基集团反应，形成席夫























1.3.2 糖尿病中 AGE 的作用（Role of AGEs in Diabetic Nephropathy） 



























































Calcitriol 通过 VDR 抑制晚期糖基化蛋白产物诱导的人肾系膜细胞的炎症反应和 RAGE-ROS-NF-κB 信号通
路的活化 
4 
以通过促进系膜细胞 MCP-1 的分泌促进糖尿病性肾病的发生。 
在肾小球系膜细胞，晚期糖基化终末产物刺激胰岛素样生长因子-I/II，血小
板生长因子和转化生长因子 β（TGFβ），从而介导 IV 型胶原蛋白，层粘连蛋白
和纤连蛋白的产生[43,44]。晚期糖基化终末产物在肾足细胞和肾小管上皮细胞诱导
TGFβ 的过表达[45,46]。最近，Ziyadeh 等研究表明，长期治疗的 2 型糖尿病模型小
鼠的阻断抗 TGFβ 抑制过量基质基因表达，以防止肾功能不全的发展[47]。这些观
察表明，AGE 诱导 TGFβ 表达在肾小球硬化和肾小管间质纤维化的糖尿病肾病
的发病机制中起重要作用[48,49]。 




3 个免疫球蛋白样结构：1 个 V 区，2 个 C 区（V-C-C’）；而 V 区则是晚期糖基
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